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ABSTRACT 

Two methods were used to estimate total spawning escapements of Delta River 
fa 11 chum salmon in 1975. 1976, 1977, and 1985. The two methods were 
based upon replicate point estimates (aerial and ground surveys) of 
escapement and average stream residence time data. A migratory 
time-density model was then developed for use in expanding peak point 
estimates of annual escapements in the historic data base to total 
abundance, thus a 11 owing for more compa rab 1 e results. It was determined 
that future point estimates should be made subsequent to November 1 and 
November 5, but prior to November 20, to maintain a tolerable error of not 
more than 15% with r~spective confidence levels of 90% and 95%. 
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INTRODUCTION 

There has been an apparent decline in fall chum salmon escapements in 
recent years (since about 1980) to most known major spawning areas 
throughout the Yukon River drainage (ADF&G 1985, Buk:l is and Barton 1984, 
and Barton 1983). That this is true is most evident in decreased spawning 
escapements which have been primarily based upon low-level aerial survey 
estimates from small, single engine, fixed-wing aircraft. It is difficult 
at best, to quantify the exact decrease in escapements using aerial survey 
techniques due to the dependency of aerial surveys upon such factors as 
weather and water conditions, type of aircraft used, experience of pilot 
and observer, etc. However, Buklis and Barton (1984) estimated decreases 
in average escapements to approximate 42% and 58% in the Porcupine and 
Tanana river drainages, respectively, from the four-year peri ad 1976-79 to 
the four-year period 1980-83. With exception of fall chum salmon spawning 
areas in the upper Tanana River in 1984 (including the Delta River), 
escapement estimates in 1982 and 1984 were the 1 owes t ever recorded to 
major spawning areas throughout these two river drainages (Porcupine and 
Tanana). Average to above-average escapements were observed in 1985 to 
most areas. 

Since aerial survey estimates can only be used to reflect trends in the 
relative abundance of spawners, due to underestimating total population of 
spawners (Cousens et al., 1982; Neilson and Geen 1981; Bevan 1961; Gangmark 
and Fulton 1952), a need has arisen to more precisely document fa 11 chum 
salmon escapements to major spawning areas in the Yukon River drainage. 
Due to its accessibility and importance as a fall chum salmon spawning 
area, the Delta River was selected for studies in 1985. The primary 
objective was to estimate total spawning population based upon replicate 
foot surveys conducted throughout the duration of spawning and to develop a 
model for use in expanding point escapement estimates to total spawning 
escapement. Ancillary to this was to sample the 1985 fall chum salmon run 
for age, sex, and size composition. 

DESCRIPTION OF STUDY AREA 

The Delta River heads at Tangle Lakes near Paxon and flows north 
approximately 80 miles to the Tanana River at Big Delta (Figure 1). Only 
the upper 18 to 20 rivermiles are clear water. Downstream of the 
confluence of Eureka Creek:, the Delta River takes the appearance of a 
typical glacial stream with turbid, silt-laden water and broad, braided 
c hanne 1 s. Its g 1 ac i a 1 nature is derived from numerous sma 11 t ri but a ry 
streams heading in the glacial ice fields of the Alaska Range. 

A continuous alluvial apron exists in the Delta-Clearwater area by merging 
alluvial fans of the Delta and Gerstle rivers with those of small streams 
draining the north slope of the Alaska Range. The entire region is 
discontinuously underlain by permafrost, below which normally lies the 
water table of an extensive aquifer system. 

Wilcox (1980) investigated and summarized the hydrology of the 
Delta-Clearwater region. 
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11 The alluvial aquifer system ... is composed of thick sediments that 
overlie bedrock . . . . [It] is recharged by losing streams and by 
infiltration of precipitation . • • • Major discharge areas are along 
the Clearwater Creek [Delta Clearwater River] network, Clearwater 
Lake, and at springs near the mouth of the Delta River • . 
Aquifer discharge near Big Delta is recharged largely by seepage 
losses from the Delta River and Jarvis Creek . . . . Ground water 
levels fluctuate in response to seasonal recharge pulses to the 
aquifer from river and stream channel losses and from precipitation 
. . • . Water levels are lowest in late May or early June. River ice 
breaks up in April or May, and the recharge pulse begins; the 
ground-water level rises until it reaches a peak in October. At this 
time, the rivers freeze and recharge begins again. However, silt may 
clog the stream bed gravel and reduce permeability during much of the 
summer. Recharge may take place largely during periods of high flow 
when scouring and shifting of channels occur. 11 

Andersen (1970) points out that glacial streams have a low variability in 
annual flow and thus large annual variations in ground water recharge are 
not likely to occur unless climate changes. 

The Delta River flows high and turbid throughout the suTIITier months with 
cold surface water runoff primarily from melting snow and ice. As 
freeze-up approaches, the flow of surface water gradually diminishes and 
eventually stops. Sub-permafrost springs which surface in channels of the 
lower river floodplain are the primary source of water flow between 
freeze-up and the following spring thaw. It is this concentrated area of 
upwelling spring water, in approximately the lower one mile of the river, 
which forms a unique fall chum salmon spawning area. 

High-flow surrmer runoff carrying 1 arge amounts of sediments results in 
scouring and shifting of individual channels in the spawning area, and thus 
influence the amount of available spawning area from year to year. 
Although channel changes do occur, spawning in most years can be classified 
in three major areas: western channe 1 s which generally have the fewest 
number of spawners, mid or rna in river channe 1 s which genera 11y have the 
greatest number of spawners, and eastern channels. The greatest degree of 
channel shifting from year to year occurs in the midriver and eastern 
channels. The eastern and western channel networks are not connected to 
the main river channel from approximately October through April, apart from 
the eastern channel network sharing a common mouth with the main river 
channel in some years. Most of the spring-fed areas remain relatively 
ice-free throughout the winter months. 

Length of channels filled with spring water varies from a few to several 
hundred meters (m) whi1e width may vary from less tha~ 1 to 75 m. Maximum 
water depth ranges up to 1.2 m and surface water temperatures remain at 1° 
to 6°C throughout the winter (Francisco 1976). Skaugstad et al. (in print) 
found surface water temperatures in the Delta River ranging to a maximum of 
5.8°C and intragravel water temperatures ranging from 0.5° to 6.6°C during 
winter investigations in 1981, 1983, and 1984. They reported that drops in 
water level in the spring-fed channels ranged between approximately 10 to 
100 mm during the November to March period, with the exception of one year 
(winter 1983-84) in which water level in the main river channel rose 
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108 mm. This they attributed to a temporary wann spell which had no 
apparent effect on side channel water levels; side channel water levels 
fell 12 and 82 ITIII for the same period. On the average, water depth in 
early October declined approximately 100 em in the main channel and 20-60 
em in the eastern and western channels. 

Fall chum salmon begin to arrive in the Delta River in late September and 
spawning may continue well into December. In general, it can be stated 
that peak spawning in the Delta River occurs toward the end of October or 
in early November, although time of peak spawning may differ among 
channels. Coho salmon have been observed only in very low numbers (25-30) 
and most 1 y confined to the western channe 1 network. Their a rri va 1 is 
generally later than that for chum salmon, occurring in late October, and 
several of these fish may actually spawn in areas farther up the Tanana 
River. 

Fall chum salmon first enter the western channel, which is nearly always 
the first to become separated from the main river channel and clear from 
the influx of spring water. This normally begins in late September. 
Spawning us ua 11 y occurs next in the eastern channels. The mid or rna in 
river channel is not utilized to a major extent until approximately 
mid-October when the river is nearly frozen to the bottom above the 
spawning area and most of the flow of cold silty surface water stops. The 
midriver channel usually accounts for the highest number of spawners 
annually. The entire flow to all channels during spawning, egg incubation, 
and fry development stages (late October through approximately April) is 
supplied by spring water. Wilcox (1980) states that total discharge of 
several perennial springs at the mouth of the Delta River was measured at 
about 30 ft 3/sec in March 1975, 1976, and 1977. Discharge estimates made 
at several locations in the main channel ranged from 0.2 to 5 ft 3 /sec and 
1.7 to 29.6 ft 3/sec in March 1982 and 1984~ respectively (Skaugstad et al., 
in print). · 

Nature of the Delta River floodplain, spring-fed spawning habitat together 
with time of spawning make this region one of the most unique spawning 
areas in Interior Alaska. Although redds are abundant in most of the 
deeper glides between riffle zones or are constructed in deeper pools, many 
spawners deposit eggs in extremely sha 11 ow, quiet water zones or poo 1 s 
where water depth may be only sufficient enough to cover most of the 
salmon's head and ventral half of the body. Prior to reaching such areas, 
large numbers of salmon often overcrowd into pools immediately downstream 
of extremely shallow riffles which may extend to beyond 10m in length. 
Many salmon successfully negotiate riffles where water depth may not exceed 
3-5 em. A few become entrapped or manage to end up stranded among the 
larger rocks and die unspawned. A few riffles are too shallow to allow any 
passage. 

It is not uncommon for spawning to occur when air temperatures plunge well 
below 0°F in most years ( -25° to -35°F). At such times, where spawning 
occurs in extremely shallow water, large ice fonnations often develop 
around the base of the dorsal fin and upper dorsal lobe of the caudal fin. 
Even some freezing of body tissue in the region around the dorsal fin has 
been observed. 
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Ill though precise studies on the wash""'out rate of carcasses have not been 
conducted in the Delta River, it is believed that the shallow riffle zones 
together with other physical and hydrological characteristics of the 
spawning area tend to reduce dead or moribund salmon from drifting from the 
spawning grounds. This phenomenon is probably most applicable to those 
areas where spawning occurs well upstream. However, where spawning occurs 
in the 1 ower 100 m or so of each channel the wash-out rate of salmon 
carcasses and moribund fish into the Tanana River may be much greater than 
suspected. Wash-out rate probably diminishes as the spawning period 
progresses, due to diminishing water levels and decreased velocity. 

METHODS 

Maps of the open water spawning channels were prepared for 1974 and 1975 
from overhead aerial photographs taken by Trasky (1976) and Francisco 
(1977). Open water areas in 1977, 1984, and 1985 were prepared by drawing 
in the approximate location of channels, using the overhead aerial 
photographs taken by Trasky and Francisco as a base and photographs 
obtained from various land-based and aerial angles in 1977, 1984, and 1985 
(Figures 2 through 4). 

Foot surveys of the Delta River spawning area were made weekly beginning in 
late September and continuing through early December 1985. Both live and 
dead chum salmon were enumerated in each spawning channel, i.e., eastern, 
mid or main river, and western channels. Polaroid sunglasses were worn to 
reduce surface glare. A riverboat was used to gain access to western 
spawning channels as necessary when the main river channel was too high to 
allow crossing by foot. 

An aerial survey of the Delta River spawning area was flown near peak 
spawning on October 26 for subsequent comparison with population estimates. 

Two methods were employed to develop population estimates using the 1985 
survey data. The first method involved plotting counts of live salmon by 
survey date and estimating the area under the curve {A) by the following 
equation: 

A= N~l~ Cn+(Cn+!)) (o -D y 
n=l~ 2 ) n+l n~ 

where: A = total number of salmon days 
C = live salmon count on foot survey conducted on day n 
on = date of survey 
N = total number of surveys 

The total number of salmon days (A) would give the number of live salmon in 
the Delta River if stream residence time was one day. Division by 
residence time yielded an estimate of total population. Residence time was 
based upon stream life data collected from the Delta River in 1973 and 1974 
(Trasky 1974, 1976). Only foot survey observations were included in this 
analysis. 
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The second method used to estimate tota 1 abundance in 1985 was as fo 11 ows. 
The number of live salmon observed on a specified day was the sum of the 
number of live fish remaining from the previous survey(s) and the number of 
new fish entering the stream subsequent to the previous survey. The 
number of fish which had spawned and died between surveys was estimated 
from Trasky's studies on stream residence time (Appendix Table 1 ). Total 
run size was approximated by summing the numbers of new salmon estimated 
entering in each interval of time and adding this estimate to the number of 
carcasses counted on the last survey minus the estimated number of 
carcasses previously counted as live fish. Aerial observations on October 
26 were included in this analysis. This second method of estimating total 
abundance is represented by the following equation: 

Total run size to date D = ~
number of live fisj 
entering over each + 
time interval i 

number of carcasses 
not previously 
counted as live fish 
(must be positive 

or: 
D 

D = I: B.+ 
1-

i=1 

or zero) 

0-1 ~ 
- E (1-P •. )B. 

1-J 'k 
i=l . 

where: B. =number of new fish entering the stream subsequent to the 
"' previous survey and is calculated as: 

i-1 

B.= C.- E B. P .. 
1., 'l- J 1.,J 

c. 
1., p .. 
1,J 

j=1 

= live s-almon count on survey i 
= proportion of the fish that entered on day j that are still 

alive on day i (from stream residence data in Appendix 
Table 1) 

E0 = carcass count for survey on day D. 

RESULTS AND DISCUSSION 

Population Estimates 

Trasky (1974, 1976) found average residence time of Delta River fall chum 
salmon to be 20.5 and 16.5 days in 1973 and 1974, respectively. In both 
years, average residence time was similar but slightly lon9er in the 
western channels as opposed to eastern channels, while being substantinlly 
shorter in the midriver channels. This he attributed to delayed spawning 
and later entry of chum salmon into the midriver channels. Pooling 
Trasky' s data from each year's study results in the following average 
stream residence times (Appendix Table 1 and Figure 5). 



:z 

~ 
~ 

I 
~ 

.215 

.24 

22 

.20 

18 

18 

14 

1.2 

10 

8 

s 
... 
.2 

0 
18 19 22 .25 2.8 31 

OAY 

Figure 5. Average stream residence time for Delta River fall chum 
salmon based upon pooled data from 1973 and 1974. Data 
from Trasky (1974, 1976). 

10 



western channels 20.8 days 
eastern channels 20.0 days 
midriver channels 15.6 days 
total all channels 18.2 days 
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Entry time and spawning in the various channels in 1985 were consistent 
with those identified in previous years; occurring first in the western 
channels, followed by the eastern and finally midriver channels 
(Figure 6 and Table 1). However, since channels are subject to annual 
change due to scouring from high flow spring and sulliTler runoff, the overall 
average stream residence time from Trasky 1 s pooled data (18.2 days) was 
used to estimate total population size in 1985. This further seems 
plausible since emigration among channels occurs. In both 1973 and 1974 
Trasky found the western channels had the smallest available spawning area 
and greatest emigration, while the midriver channels possessed the greatest 
spawning area and least amount of emigration. Reasons for observed 
emigration were not clearly identified, but overcrowding was not considered 
to be the cause. 

Total number of salmon days, i.e., area under the curve, was estimated to 
be 316,789 in 1985 using the first method to generate a total population 
estimate (Figure 7). Division by the mean residence time of 18.2 days 
yields a population estimate of 17,406 chum salmon. This estimate can be 
considered conservative as turbidity problems in portions of some channels 
early in the season and developing shore ice late in the season hindered 
live salmon counts. 

Tab 1 e 2 s haws the estimated number of new sa 1 mon entering the Delta River 
in 1985 between subsequent surveys. Following the second method, summation 
of these estimates gives a total population of 17 s147 chum salmon. Note 
that no new fish were observed entering the Delta River between November 1 
and November 8. In fact, observations of live fish on November 8 were not 
of the magnitude to even compensate for those expected to sti 11 be a 1 ive 
from previous surveys based on resident time data. At least two 
possibilities could have occurred to explain this. First, the November 8 
survey was made under poor survey condi ti ens and a 1 ow estimate of 1 i ve 
fish may have occurred, or secondly, inaccuracy associated with stream 
residence time may exist. November 8 survey results were omitted from this 
method of estimating total population. 

It should also be pointed out that an accurate carcass count could not be 
made on the December 5 survey. First, many chum salmon carcasses had been 
removed subsequent to November 20 by subsistence-use permit holders and 
secondly, thin layers of surface ice in many spawning pools had 
accumulated, preventing accurate counts from being made. Consequently, the 
latter part of the equation associated with calculating a population 
estimate using method 2 was omitted, i.e.; the number of carcasses counted 
on the last survey (December 2) minus the estimated number of carcasses 
previously counted as live fish. 

The best estimate of total fall chum salmon escapement in the Delta River 
in 1985 is considered the midpoint between the two population estimates 
generated, or 17,276. The peak salmon count was made on the November 1 
foot survey when 16,158 fish were enumerated ( 13,898 1 i ve; 2, 260 dead). 
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Table 1. Fall chum salmon escapement survey counts in the Delta River, 1985. 

---------- -------------------------
TYPE EASTERM CHINaS a MID OR MAIN RIVER CHANNELS b leTERN ruMnS c TDTIL IIELTR RII.£R AREA 

-------------------------- ------------- ------------ ----
DATE SURVEY LIVE DEAD TOTAL LIVE ll£AD ron~ .. LIYE DEAD TOTAL LIVE DEAD TDTil __________ _. ________________________________________________________________ 
SEP 27 FOOT TURBID TURBID -\3 () 43 ~J 0 ~ 

OCT04 FOOT TURBID 17 0 17 440 4 "-\ 457 4 461 
OCT 09 FooT 98 0 98 296 1 297 797 26 823 1,191 27 1,218 
OCT 16 FOOT 3,~3 3 3,34£1 186 0 188 1,445 92 1,537 4,916 95 5,071 
OCT 24 FOOT 3,'545 153 3,698 2,782 60 2,842 826 73 899 7,153 C8G 7,439 
NllV 01 FOOT 6,321 1,509 7,630 6,760 563 7,323 817 188 1,005 13,898 2,260 16,158 
NOVoa FOOT d 2,797 2,492 5,289 3,690 1,295 4,985 176 156 332 6,663 3,9-\3 10,606 
t«<V 19 FOOT 808 6,120 6,928 2,4£13 5,8~ 8,357 29 519 548 3.,300 12,533 15,833 
DEC 05 FOOT 50 50 328 326 1 379 0 :m 

OCT26 AERHi. 11,614 611 12,225 _________________________________________ .... _______________ 
a lncl w:les charmel I. 
b Includes channels II and II 1/2. 
c Includes channel III. 
d Poor survey 
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Table 2. Estimated number of fall chum salmon entering the Delta River by survey date in 1985.a __________________ .,.. ____________________ _ 
5EP 27 

INlER-- I --------
OCTo\ OCT9 OCT 16 OCT 24 OCT 26 d NOV I MW 8 e N1W 19 DEC 5 

f ------- ------ : ----- : ------ : ------------- ~ ---------- , --------.... ---- : -------- I ----
DAY DATE IJAL DEAD LIVE : DEAD LIVE DElli! LIVE : DEAD LIVE : DEAD LIVE : DEAD LIVE : DEAD LIVE : DEAD LIVE : DEAD LJ IJE : IIEAII 
------------ l---------- ~ --------- -------- f -------- : ----------- : ----------~- : ---- ... --~------ ... ! ------------ : -----.- ~ ___ ..., ___ _ 

9/25 

3 '3/27 (0)b 43 c:: 
7 1 -----------

10 10/4 -\2 (~) 415 c. 
5 6 11 ----------------

15 10/9 36 40~ : (271 751 c: 
1 18 61 2£, ----------

22 10/16 18 343 726 (95J 3,889 c: 
8 IS 203 1'13 175 --------

Jl) 10/24 J 140 527 J, 714 (2861 2,7G9 c: 
2 3 S2 105 163 30 ---------

32 10/1!6 d 0 1!8 -\21 J,5S1 2, 739 (6111 4,815 tl 
6 71 285 : 1,046 94 '"" 38 11/1 17 137 2,505 2,&45 4,670 (2260) 3,924 c: 
7 17 131 : 11797 703 968 133 

45 11/8 e 0 6 709 1,941 l, 702 3,791 : (;mJJ !3, o\85lc: 
II 6 706 : 1,700 Z,971 : 1,919 -------

56 11/19 0 0 1!41 732 1,872 : U2SJJJ o\55d 
16 241 732 : 1,87Z 162 ----------------

72 12/S 0 0 0 
2 76 

74 1217 
----- ---- ----- ----- -- ----- -------

43 415 751 3,889 2,769 4,815 3,924 0 ZJ8 
--------------

__________________ ..,_ 
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upon strea• residtrn tiE !Slta fro~~ Trasky !1974, 19761, Dead fi!M~ shONn belOM 111!11 fish !ntering tiM! stnta are nWIIber of salMOn IIIlich dil!d in that intRrVal of tile. 
b Thl! nu1ba- in parentheses is actual l'lUiber of ca~nSH observed. 
t Nl!!lt fish entering thl! strea.. 
d Al!r i a l survey. 
e Surwy results were IKit incllldtd in till! ,ana\y5is for this day - POOR SUIIYEY 

i!CJ3 I B6t 
I 1----

217 I 85 ___ .. __ .. __ 
------

.,___. 
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This count was 93.5% of the final population estimate. By comparison, the 
October 26 aerial survey accounted for 12,225 salmon (11,614 live; 611 
dead) and represented only 70.7% of the population estimate. 

Age, Sex, and Size 

A total of 357 fall chum salmon were sampled for age~ sex, and size 
composition from October 21 to November 11, 1985. One hundred fifty of 
these fish were further samp 1 ed for subsequent prate in e 1 ectrophoret i c 
analysis by the Canadian Department of Fisheries and Oceans. Only 256 
(72%) of the scale samples were ageable. Age 4 fish predominated, 
representing 76% of the total sample, followed by age~ 1 fish (14%) and age 
5 fish (9%). There was only one age 61 fish. The male-to-female ratio 
wls 1.00:1.56, or 39% males and 61% femal~s. Size-at-age data are shown in 
Appendix Table 2 for each sex. 

HISTORIC DATA EXPANSION 

The existing data base on fall chum salmon escapements to the Delta River 
was ex ami ned to determine whether data from other years cou 1 d be used to 
generate population estimates by using one or both of the above techniques. 
Frequency and timing of surveys in only three years were sufficient to 
allow for population estimates: 1975, 1976, and 1977. Although replicate 
surveys were a 1 so made in 1984, timing of surveys was such that the entry 
pattern of fall chum salmon into the Delta River could not be precisely 
identified (Barton 1985, intra-Department memo). Thus, no population 
estimate could be generated for that year. 

Individual survey results for 1975, 1976, and 1977 are given in Appendix 
Tables 3 through 5. Population estimates for each of these years, 
generated from plotting a spawner abundance curve, were based upon foot 
survey counts of live salmon only and an average stream residence time of 
18.2 days. Population estimates were 3,895, 6,279, and 17,388 chum salmon 
for 1975, 1976, and 1977, respectively. 

The estimates for 1975 and 1976 differ slightly from those calculated by 
Francisco (1976) and Franci sea and Di nneford ( 1977), who used the same 
method, for two reasons. First, they included aerial survey counts of live 
salmon in plotting spawner abundance curves. Further, their estimates were 
in the form of a range for each year since they used the average residency 
time Trasky calculated in both 1973 and 1974, i.e., 20.5 and 16.5 days, 
respectively. 

A second population estimate was generated for 1975, 1976, and 1977 
following the second method, i.e., the summation of the estimated number of 
new salmon entering the Delta River between surveys based upon average 
stream residence data obtained by Trasky (Appendix Tables 6 through 8). 
Population estimates were 3,574, 6,346, and 16,365 chum salmon for 1975, 
1976, and 1977, respectively. Only foot survey counts of live salmon were 
used to generate these estimates, with the exception of 1975 in which 
results of live salmon counts during one aerial survey were also included. 

http:1.00:1.56
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The four years in which population estimates were made by each method as 
well as the difference between each estimate are summarized below. 

Po~ulation estimatea 
Best estimateb Year method 1 method 2 Difference 

1975 3,895 3,574 321 3,734 
1976 6,279 6,346 67 6,312 
1977 17,388 16,365 1,023 16,876 
1985 17,406 17,147 259 17,276 

a Method 1 based upon estimated area under spawner abundance curve. 
Method 2 based upon summation of estimated new fish entering stream 
between surveys. 

b The best estimate of chum salmon escapement in each of these four years 
was taken as the midpoint between the two estimates generated each year. 

Average timing of fall chum salmon to the Delta River was examined by 
ana 1 yz i ng the estimated number of new sa 1 man entering the river between 
subsequent aeri a 1 and ground surveys made each year in 1975, 1976, 1977, 
and 1985. The four-year average daily and cumulative proportions of new 
fish entering the Delta River by date are shown in Appendix Table 9 and 
Figure 8. 

Mundy (1982, 1984) developed a time-density model to describe salmon run 
timing. The pattern of the migration is described by the mean date of 
passage (a measure of the central tendency) and the standard deviation (a 
measure of dispersion). The statistics are calculated from the proportion 
of the total escapement occurring each day. 

Adult chum salmon entered the Delta River between September 25 and 
December 5 when examining the data from 1975-1977 and 1985. On the 
average, one-half of the run had entered by October 22 with less than 1% 
entering subsequent to November 14 (Appendix Table 9). The central half 
of the spawning population (25%-75%) entered the river over an average span 
of 11 days from October 16 to 26, while the bulk of the run (2.5% to 97.5%) 
entered over a much longer time period (an average of 37 days from October 
4 to November 9). · 

The mean dates of run timing to the Delta River were October 18 in 1977; 
October 22 in 1975 and 1985; and October 23 in 1976. Median dates, the 
date on which 50% of the run was in the river, coincided with or closely 
followed mean dates. Median dates were October 19 in 1977; October 23 in 
1975 and 1976; and October 25 in 1985. 

The daily averages in cumulative proportion of the run entering the Delta 
River show a linear increase of approximately 3%-4% per day between 
October 11 and October 29. The variance associated with cumulative 
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Figure 8. Fall chum salmon run timing based uron the 4-year average 
daily (top} and cumulative (bottom) percentages of new 
fish entering the Delta River in 1975, 1976, 1977. and 1985. 
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proportirin estimates is greatest on October 24, peaking in the area of the 
grand mean of run timing (about October 21) (Figure 9). Since the 
migratory time-density curve is used to predict total run size from survey 
counts for a given year, the sample variance (s 2 ) was considered in 
constructing confidence intervals as opposed to the variance of the mean 
proportion (s 2 /n) of that day. Thus, 95% confidence intervals were 
constructed as follows: 

xi ± t<o.o25) ~ 
where: x. =mean of cumulative proportion of run on day i -z, 

t(0•025 ) = 3.182 (with 3 degrees of freedom) 
s2. =sample variance for day i 

1-

The absolute error associated with a 95% confidence interval which occurs 
when predicting total run size from average cumulative proportions observed 
in the migratory time-density curve is shown in Figure 10. The straight 
line in Figure 10 portrays the tolerable percent error in a population 
estimate relative to any point in the run. It represents 15% error in the 
population estimate at the 90% and 95% confidence levels. Where the 
absolute error crosses and falls below the tolerable error line represents 
when acceptable population estimates can be made. For example, with a 
tolerable error of 15% and a confidence level of 95%~ this point 
corresponds to November 6 on the migratory time-density curve. By that 
date, 96.62% of the run has entered the river, on the average. Any 
population estimates made subsequent to November 5 would result in an error 
of less than 15% at the 95% confidence level. 

It should be noted that to maintain a 15% error limit in the estimate of 
run size, the confide nee 1 imi ts on the percentage of the run on a given 
date should be less than 1- l/1.15, or 13.04% of the estimated run 
proportion. For example, by November 6, 96.62% of the run is estimated to 
have entered the river with a 95% confidence level of ±12.62%. Note that 
0.1262/0.9662=13.06%. Since the 95% confidence interval approximates the 
13.04% criteria, the confidence limits around 96.62% of the run would be 
96.62% ± (0.1306)(96.62%) or 84.00% of 109.24% of the run, respectively. 
The 109.24% is adjusted downward to 100% since the lower confidence limit 
can never fall below what was actually observed. Thus, if 5,000 fish were 
counted on November 6 in a given year, total run size would be estimated as 
5,000/96.62% or 5,174 fish. The confidence limits would be 5,000/100% 
(5,000 fish) and 5,000/84.00% (5,952). Now, (5,952-5,174)/5,174 = 15% of 
the estimate of 5,174. Thus, the 15% relative error line in Figure 10 was 
plotted by multiplying the average daily cumulative proportions in the 
time-density curve by 13.04%. At a 90% confidence level the 13.04% 
criteria is met on -November 2. 

Eggers (1984, unpublished) showed that for situations of rapid_ salmon run 
entry and protracted dying (stream life) there was close agreement between 
peak abundance and cumulative escapement. Conversely, protracted entry and 
short stream life results in extreme divergence between peak abundance and 
cumulative escapement. 

http:5,000/84.00
http:5,000/96.62
http:0.1306)(96.62
http:0.1262/0.9662=13.06
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Figure 9. Variance of cumulative proportion of run size as a function 
of time for Delta River fall chum salmon, 1975, 1976, 1977, 
and 1985. 
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FiQure 10. Absolute errors associated with a 90% (top) and 95% 
(bottom} confidence level based upon average cumulative 
proportion of run size~ 1975, 1976. 1977, and 1985. 
Straight lines represent the tolerable (15%) error in 
an estimate relative to any point in the run. 
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Average run timing in the Delta River was compared to stream life observed 
in 1985. Stream life in this context was examined by plotting the daily 
percentage of 1 ive salmon which occurred in 1985 and thus, here differs 
from the concept of average stream residence time of individual fish. 
Results show stream 1 i fe was protracted beyond the average run entry 
pattern in 1985 (Figure 11}. Since 1985 data are only an estimate of 
stream life for a single year, the existing data base was examined to 
estimate average stream 1 ife. Limited observations from replicate ground 
and aeri a 1 surveys made in 1977, 1981, 1982. 1984. and 1985 were used 
(Appendix Table 10}. A comparison of average entry (four years of data) 
versus average stream life (five years of data) for the Delta River is 
shown in Figures 12 and 13. Note that average stream life is only shown 
through November 20 in Figure 12 as very few estimates of the number of 
1 i ve salmon were made after that date in any of the 5 years ex ami ned. 
Nonetheless, on the average. rapid entry and protracted stream life of fall 
chum salmon occurs in the Delta River. For example, Figure 13 illustrates 
that by the time 99% of the run has entered the river 38% of the fish 
remain alive (see also Appendix Tables 9 and 10). 

The average migratory time-density curve described for Delta River fa 11 
chum salmon using 1975, 1976, 1977~ and 1985 data was used to expand peak 
survey counts made in 1973 and 1978-1984. Peak survey counts of live plus 
dead salmon on a given day was divided by the average cumulative proportion 
of the run estimated for that date from the migratory time-density curve. 
Survey counts made subsequent ·to the end of October but prior to November 
20 were used when possible. Resulting population estimates for these years 
can be considered conservative since carcass washout rates are not taken 
into account. Estimates for 1972 and 1974 could not be made using the 
time-density curve as only 1 ive salmon were enumerated in those years on 
aerial surveys. 

A second method was used to expand the 1972 and 1974 aerial survey counts. 
Expansion factors were obtained by using the limited data obtained in 1975, 
1976, 1977, and 1985 in which aerial and ground counts made in those years 
were compared, when possible, to respective population estimates. 
Unfortunate 1 y, no carcass counts were obtai ned on any of the ground or 
aerial surveys made in 1975 or 1976, nor were carcasses enumerated on eight 
of nine foot surveys conducted in 1977 (Appendix Tables 3 through 5). 

Four expansion factors are presented in Table 3 and summarized below: 

Peak aerial counts (1ive fish only) expansion factor 1.475 
Peak ground counts (live fish only) expansion factor 1.275 
Peak aerial counts (live plus dead) expansion factor 1.241 
Peak ground counts (live plus dead) expansion factor 1.069 

Data are most complete for peak counts of live fish only for both aerial 
and ground counts. No doubt, excluding observer variability, differences 
in timing of surveys accounts for part of the difference in expansion 
factors shown in Table 3. Expansion factors for estimating total abundance 
from peak aerial counts of live fish were derived from surveys made October 
19, October 26, November 4, and November 6. By comparison, expansion 
factors for peak ground counts of 1 ive fish were obtained from surveys 
conducted on October 28, October 29, November 1, and November 2; a much 
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Figure 11. Delta River fall chum salmon stream life in 1985 compared 
to average run timing. Run timing based upon 1975, 1976, 
1977, and 1985 data. 
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A comparison of average Delta River fall chum salmon 
stream life {1977, 81, 82, 84, 85) and run timing (1975, 
76, 77, 85). Average stream life is only shown through 
20 November as very few estimates of the percentage of 
live fish are available after that date. 
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Table 3. Expansion factors for Delta River fall chum sa1mon escapements based upon the 
relationship of aerial and ground survey counts to population estimates made 
in 1975, 1976, 1977, and 1985. 

YEAR 
PDWTil* 
ESTIMATE 
-----

1985 17,276 
1977 16,87£ 
1976 6,312 
1975 3,734 

AVEMSE 

PE'JI< ~RIAL PEAK 6llliiD : PEAK ~RIA.. I PSlK 6fON) 

cntlT EXPPIIll~ l CWIT EXPANiiiJI CWfT EXII(.N;IIr.l CUM' EXPII.'SII:N 
Ill\£ FISH> FACTOR !LIVE FI90. F~DR : lll\£+DBID) F~R l ILIVE+IltADl F~TOR 

---- ---- : --------- : 
11,614 
9,471 
4,779 
2,850 

1.488 
1. 782 
t. 321 
1.310 

1.475 

13,898 
14,495 
4,253 
3,08'3 

1.243 
1.1" 
1.484 
1.209 

1.275 

12,225 1.413 16, 158 1.069 
lS. 785 1.069 

------
1.241 1.069 
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narrower time period. Nonethelesss the average expansion factors for peak 
live counts only (1.475 for peak aerial counts and 1.275 for peak ground 
counts) are considered fairly reliable. 

The expansion factor of peak live and dead fish from aerial survey 
observations (1.241) is considered the least reliable of the four. Aerial 
estimates of carcasses on a given survey are likely always proportionally 
lower than the estimate of live fish because of the tendency of the aerial 
observer to concentrate more on making accurate live fish counts. Further, 
many carcasses in the Delta River are often obscured due to snow cover or 
frost built up on the carcasses during co 1 d weather. Much more accurate 
counts of dead salmon can be made by ground surveys. It is likely this 
expansion factor is somewhat low. 

Although the expansion factor obtained for live and dead fish from ground 
surveys (1.069) is based only on 1985 observationss it is considered most 
reliable. This is based upon the premise that carcass washout rate is 
relatively low in the Delta River. Although precise studies on carcass 
washout rates in the Delta River are lacking, results from 1985 surveys 
suggest washout rate to be low. For example, by the November 19 survey, 
there should have been 13,760 carcasses present (assuming no carcass 
washout rate and excluding predation) based upon Trasky•s stream residence 
time data. These were fish which had previously been observed as live fish 
prior to that date. However, 12,533 carcasses were actually enumerated, a 
difference of only ls227 fish. Carcass washout rates could not be examined 
subsequent to November 20 due to their removal by subsistence-use penni t 
holders. Consequently. the expansion factor of 1.069 should not be applied 
to foot survey counts of live plus dead fish made subsequent to the opening 
date (November 20} for removal of carcasses for subsistence use. 

Peak survey estimates were expanded for all years in the historic data base 
using these expansion factors to compare annual escapements in the Delta 
River (Table 4). In all but one instance (1983) estimates from the 
migratory time-density curve are lower than estimates made by using peak 
survey count expansion factors. This may likely be a function of carcass 
washout. Nonetheless, estimates made using the migratory time-density 
curve are considered the most reliable and are used when possible to expand 
the historic data base. Only in 1972 and 1974 were expansion factors from 
peak survey counts used. 

Final 11 best estimates 11 of fall chum escapements to the Delta River are 
shown in Table 5 and Figure 14. Escapements have ranged from 3,734 (1975) 
to 23,508 (1981) during the past 14 years with an overall average of 9,890. 
With the exception of 1980 and 1982, two of the three lowest years on 
record, annual escapements during the past nine years have exceeded 7,700 
fish, being greater than any year prior to 1977, except 1973. An apparent 
high abundance, four-year cycle is manifest for the years 1973s 1977, 1981, 
and 1985. It is of interest to point out that the 1973 and 1974 population 
estimates presented in this report (10,469 and 5,915, respectively) are 
very similar to the Peterson population estimates made in those years by 
Trasky (1974, 1976): 10,014 in 1973 and 5,718 in 1974. 



Table 4. Expanded peak survey escapement estimates of fall chum salmon to total popul~tion estimates based upon 
the relationship of aerial and ground survey counts to population estimates made in 1975, 1976, 1977, 
and 1985. 

SliNEY SlHY PEAK EXNINSIO. SEA!Ilt FJIR. EST 
YEAR OOTE TYPE a r.IUd' b FACTOI c ESTIMATE RBM<S EIP FACTORS --
1972 31-Grl A 3,650 1.475 5,384 I'll CAIDSS llUIT ii'S MAllE. :5,384 
1973 2Het A 7,821 1.475 11,536 TOTil. auT ILIYE fleJ I£AD) IRi 7, 971 lx 1.2411 = 9,892 POP EST. 11,536 h 
1974 31-oc:t A 4,010 1.475 5,915 MJ CAIDlGS aun ~ *IE. 5,915 i 
197!5 p 3,7a. 0 3,734 3,734 
197fi p 6,312 0 6,312 6,312 
1977 p 16,87& 0 16,876 l6,87L 
1911 30-0d A 9,S49 1.475 14,085 TOTfl. CllM ILlitE IN> Daml IRi 10.051 b 1.2411 :: Jf,473 RIP EST. 14,085 
1979 08-Nov A 4,875 1.475 7,191 TOTII. mtfT !LIVE H IEAIII WAS 81 125 lx 1.24U = 101083 POP EST. d 10,083 
1980 ICHfov A 3,& 1.475 5,658 NJ CAIDSS rD.Nr WAS IAJE. M AERIII. CT Ill 30-CD ILIW: N IIEAOI IRi 416.17 1M 1.2411 

• 5. 754 JQI EST. e ~754 
1981 03-tVI F 17,900 1.275 22,823 lUI'A. IDJ(J CLIVE IWD DEADI WAS 221375 lx 1.0691 = 231918. J(l¥( AERHI. CT tJ.I 02-NW 

tltVE N llEADl WAS 101664 lx 1.2411 .. 13,234 RIP EST. f 23,918 
1982 27-ikt F 2,721 1.275 3,469 TDTII. IDifT !LIVE. 1£1111 WAS 3,433 b 1.0691 = 31669 POP EST. f 3i669 
1983 27-lkt A 6,6M 1.475 9.859 TOTII. ClUff !LIVE llllllADl WAS 7,007 hr 1.24U ,. 8,695 PllP EST. PEilK lOIII. CT lll 01-MJV 

fLIIJE AND D£111) WAS 7,230 (x 1.24U ., 8. !17~ POP EST. 9,859 
19M 26--Gct f 5,509 1.275 7,024 TOTII. auT CLIVE llll DBIDI WAS 71 196 b 1.0691 = 71692 IQI EST. 

!UK 6RIUII CT m. 15-fiJY ILIVE AND ll£1111 IE 121327 lx 1. 0691 == 1311 n IQI EST. g t3,1n 
1985 31-oct p 17,~76 0 17,276 17,27L 

------------------------------------------------------------------- ------------
a Alrial indtlr c:ounts fAI, foot index counts IFI, popul.atillft tstiute (p), 

b live fish couftts only. 
c ExpaMion factors bned upon COIIPoJf"iHn of pNk .aeri.al ii'CI foot L"'Uftts of AIIIOYI versus populatiort esti~~ates lllde in 1975. 1976, 19n and 1985: 

PHic urial COIInts llive fish ortlyl expansion factor 1.475 
Puk 1round counts Uive fish only! expansion factor 1.275 
Puk •ial counts Uive plus dead) eMpansion factor 1.241 (This is considered the least accurate conversion fletor as carcass counts are probably lowl. 
P1ti1r. .,_.. counts Hive plus dudl IXJii~&ion factor 1.06!1 IThis is con&idar&d thto lOSt am~r.ate conversion factor prior to Novi!Ur 2t)), 

d l'tw npa111ion of live pi• dNd fi~ 1tas used since the population estiRte fi'OII expanding live fish 1:0unts only .as lrss than the total N~ber of fish 
~etully obll!rvld Uive ph11 *idl. 

II Rftults of the .-ial !iW"Wy' on JCHr\ lllrt Used iS opposed to the aerial survey cOunts on 1()-Nov even thouflt it llliS OTI this latter date the 
pult liv. count • observed. It .._ considered the ICHiov survey MH too late. 

f ExpHJiCIII of I iw IUS dHd groimd L"'unt& MIS Ullld as opposed to e11pansion of live groufld counts only. 
g &round l'OUftts on 15-tlov .,... used for the pop~.~lation estiute because the population estiNtt ~ fr'CIII ground counts on 31-llct MIS less than the actual S5 

III.IIDr of saliiOI'I obslrwd on the 15-fa IIII"Yey. 

h Pltnon population &&tillite 10,01. m·asky 19741. 
i lfltei'Dl population rsti~~ate 51718 CTrastty 1976). 



Table 5. Population estimates of annual fall chum salmon escapements to the Delta River~ 1972-85. 

---------
SURVEY SURYEV aJRVEY EXMNil~ POMATI~ 

YEAR DATE TYPE ~ QUIT b F~R ESTIMATE c IUNE AT B aN=IIEN:E L£\lEl 
------------------ ----------

1972 31-lkt A 1.475 5,384 d 
1973 Z6-tkt A 7,971 0.761_. e lO,o\&9 f 7,971-17,2~ lAELATIVE ERROR &o\.&~1 
14J7 .. JHld A 1.475 5,915 d,g 
1975 0 3,7Jit h 3, :i74-3, 895 
197£, 0 6,312 h 6, 219-f., 3116 
t9n 0 16,87& h 16, 365-17, J88 
1978 30-{kt A 10,051 0.9026 e 11,136 101051-15,496 (RElATIVE ERROR 39.1~) 
1979 08-Nov A 8,125 0.9725 I! 8,35'5 8, 125-9, 328 !RElATIVE ERROR 11. ~~ 
1980 30-llct A 4,637 0.9026 I! s, 137 41 Ei37-7, 149 II£LATI~ ERROR 39.1~1 
1961 03-fiov F 22,375 0.9518 e 23,508 22,375-00,052 IREUUJVE ERROR 19. ~~ 
1982 27-oct F 3,433 O.BlOEi e 4,235 3,433-6,640 !RELATIVE ERROR 56. 'NI 
1983 01-Nov A 7,230 0.9383 I! 7,705 7123o-9, 791 !.RELATIVE ERROR 27.~1 
19M 15-Nov F 12,327 0. 9932 e 12,411 12,327-12,630 (RElATIVE ERROR J, 76t> 
1985 0 17,276 h 17,147-17,40Ei 

----------------------------
a Peak aerial irlie'll count (AI, peak foot irwtex count If). 
b Actual survey count of live and dnd fish. 
c Population estiAtte bised on Delta Aivtl" 1igratory ti.-density curve. 
d Popul;~tion estimate ba5!d on Delta River aerial al'll groul'll survey expansion f~etor5, 
e !:u1ulatiw proportion of ~apetaent estiuted on survey date fi"GGI •igratory ti.-density curve. 
f Peterson population esti~~ate 10,014 lTrasky 1CJ741. 
g Peterson population esti.ate 5,718 ITrasky 19761. 

1M£ AT CJOj IDFIDBa: lEVEL 

7,971-14,752 !RELATIVE ERROR 40.9l) 

3,574-3,895 
6, 279-6, 3116 
1&,~17,388 

101051-141061 tRELATIYE EIHlOR 26.~) 
8,125-9,053 !RELATIVE ERROR 8.3~1 
4, 637-ii, fhll7 !RELATIVE ERROR 26. ~~ 

22,375-26, 706 !RELATIVE ERROR 13. 6jl 
31433-5,784 !RELATIVE ERROR 36.5Xl 
7,23o-9,146 !RElATIVE ERROR 18.7~1 

12,327-12,572 !RELATI'-1: ERROR I. Z,:) 

l7,H7-17,406 
----------

h Population esti.a\e 11ade fro~~ spaN'ner abumance curve, nulbers of lll!lll fish entering the streM, and stre.w residence ti• data, 
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Figure 14. Comparative annual escapements of fall chum salmon in 
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SUMMARY 

1. Two methods were used to estimate total fall chum salmon spawning 
escapement to the Delta River in 1985. The first method involved 
plotting a spawner abundance curve and dividing the area under the 
curve by average stream reside nee time. The second method was a 
summation of estimated numbers of new fish entering the stream over 
time. Both methods were predicated upon rep 1 i ca te survey counts of 
live chum salmon made from late September through early December 1985 
and average stream residence data collected in the Delta River in 1973 
and 1974. The best estimate of total spawni~g escapement in 1985 was 
taken as the mi.dpoi nt between the two population estimates, or 17,276 
fall chum salmon. 

2. Data in the historic data base on fall chum salmon escapements to the 
Delta River were sufficient to allow application of the methods used 
in 1985 to only three other years: 1975, 1976, and 1977. Resulting 
tota 1 escapement estimates in those years were 3,734, 6, 312, and 
16,876, respectively. 

3. A migratory time-density curve was developed for Delta River fall chum 
salmon based upon the average daily cumulative proportions of run size 
using 1975, 1976, 1977, and 1985 data. The centra 1 ha 1 f of the 
spawning population (25%-75%) entered the river over an average span 
of 11 days from October 16 to 26. The grand mean of run timing was 
October 21. 

4. Results of the migratory time-density curve show that population 
estimates made from survey counts subsequent to November 1 and 
November 5 (but prior to November 20) result in absolute errors at the 
90% and 95% confidence levels, respectively, which are less than a 
maximum tolerable error of 15%.-

5. Delta River fall chum salmon exhibit a rapid run entry pattern and 
protracted stream life. 

6. Ex pans ion factors were derived using the 1 imi ted data obtai ned in 
1975, 1976, 1977, and 1985 in which peak aerial and ground survey 
counts made in those years were compared to respective population 
estimates. Expansion factors were used to estimate total spawning 
escapements in 1972 and 1974 only. Data in all other years, excluding 
1975, 1976, 1977, and 1978, were expanded by using the migratory 
time-density curve. 

7. Final estimates of annua 1 fa 11 chum salmon escapements to the Delta 
River show a range of 3,734 (1975) to 23,508 (1981) during the past 14 
years with an overall average of 9,890. Escapements in 1980 and 1982 
were two of the three lowest years on record. 

8. The chum salmon sex ratio was 1.00:1.56 (39% males; 61% females} based 
upon carcass samples collected from October 21 to November 11, 1985. 
Age composition was 14% age 31, 76% age 41, 9% age 51, and less than 
1% age 61 fish. 

http:1.00:1.56
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9. One · hundred fifty chum salmon were sampled and forwarded to the 
Canadian Department of Fisheries and Oceans for subsequent 
electrophoretic analysis. 

CONCLUSIONS 

The migratory time-density curve developed for fall chum salmon spawners is 
a reasonable approach to estimating total escapements from point estimates 
(i.e., peak aerial or foot survey counts of live and dead salmon) in the 
historic data base as well as in the future. However, it should be applied 
to point estimates made subsequent to November 1 and November 5, but prior 
to November 20, to maintain a to 1 erab 1 e error of not more than 15% with 
respective confide nee 1 eve 1 s of 90% and 95%. Nonethe 1 es s, rea 1 i zing a 
greater percent error may be acceptable for inseason management purposes, 
population estimates can be generated prior to November. 

Population estimates generated from the migratory time-density model should 
be considered conservative as carcass washout rates, although believed to 
be relatively small, have not been accurately determined. 

Population estimates generated from peak aerial or ground count expansion 
factors presented in this report are considered less reliable than using 
the migratory time-density model as they do not take into account timing of 
surveys with respect to peak spawning. Many peak counts may not 
necessarily have coincided with peak spawning in some years. 

RECOMMENDATIONS 

It is recommended that intensive replicate foot and aerial surveys be 
continued annually for at least one complete four-year cycle of Delta River 
fall chum salmon. Additional data will not only help define the variance 
associated with annual mean run timing, but will also allow for possible 
development of more than one time-density curve to address early, average, 
and late spawning runs. Studies should also be designed to determine 
average carcass washout rates for inclusion in the time-density model. 
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.pendix Table 1. Pooled fall chum salmon strea1. ~1dence time data for the Delta River, 1973 ana 
1974.a,b 

---------
STREIII SSDDMELS MID-RIIJER 0MELS b liESTERN DWIIB.S Ill DIIIEl.S IDIIIED 

I£SIDDEE ------
TnE ..... !RJOI IUIIER !RQ NJIBER S#UIII TIJ11l. 9IIJDI llM DIU DIU 

(DAYS) SAJOI DAYS .!RJOI DAYS tR.IOI DAYS .... DAYS I1Eim LIIJE --------
I 0 0 0 0 0 0 0 0 0 O.OJ 100.~ 

2 0 0 l 2 2 .. 3 ' 3 l.lJ .. ~ 
3 0 0 0 0 0 0 0 0 3 1.1~ .. ~ 
• 0 0 2 a 0 0 2 8 5 1.91 .. lJ 
5 2 10 0 0 0 0 2 10 7 2.7Yo 91.3' 
6 0 0 l 6 0 0 1 6 8 l.OJ 97.01 
7 0 0 I 7 0 0 1 7 9 3.4J 96.~ 

8 0 0 2 16 1 8 3 24 12 "·"' !15.M 
9 I 9 0 0 1 9 2 18 14 5.3J 94.7Yo 

10 2 20 5 50 2 20 g 90 2J Ln 91.~ 

11 0 0 12 1:2 1 ll l3 14J 36 11~ 16.~ 

12 2 24 7 84 I 12 10 120 "' 17.41 82.r.. 
13 4 52 10 130 1 13 15 195 61 2J.Il& 76.~ 

14 2 21 3 ~ 0 0 5 70 " 25.0J 7'5.0J 
15 I 15 11 165 1 15 l3 1CJ5 19 29.~ 70.1J 
16 5 80 8 128 2 32 15 2.-o 94 ~~ M.4-. 
17 ' 102 9 15.1 7 119 22 374 116 U.9J 'S.tl 
til 7 126 15 270 0 0 22 396 138 52.3:11. 47.7Yo 
19 1 19 It 209 5 95 17 323 15.5 sn 

···~ 20 1l 220 8 160 l 20 20 ..00 ~~ 66.:W. nn 
21 10 210 6 126 3 63 19 m 194 73.M 26.51' 
22 a 17£ 4 88 2 "" 14 308 208 7La. 21.~ 

a 3 69 1 23 4 IJ2 I 184 216 81.U 18.~ 

24 .. 96 2 ... 2 48 I 192 224 M.M 15.~ 

25 4 100 0 0 2 so 6 150 230 17.ll& 12.!fl. 
26 1 IE I 26 3 71 11 25 241 91.3'1 a.n 
!1 3 II 0 0 4 ICII 1 189 ate 93.91 6.ll& 
21 3 84 0 0 2 56 5 

·~ 
253 95.M 

··~ 29 2 :J8 0 0 5 lo\5 7 203 260 91.S 1.~ 

30 0 0 0 0 2 60 2 60 262 99.~ 0.8J. 
31 0 0 0 0 1 31 I 31 263 99.6J o •• , 
32 0 0 0 0 0 0 0 0 263 

99. '" 
0.4i 

33 0 0 0 0 t 33 l l1 264 100. 0.. 0.~ 

w 
1UT.Il. 88 120 56 264 ~ 

U1 

Nil& 20.0 15.6 20.8 18.~ 

~ ht1 rro. Truky 14J7t, 1976. 
b Mid-rhw dl,....ls include charvels IJ INS II 1/2. 

http:83.OJ97.01


Appendix Table 2. Age, sex, and size composition of Delta River fall chum salmon, 1985. 

-------------------------------- ------------
AGE 0.2 !&: 0.3 AGE 0.~ A6E 0.5 

!RtPL..E lEAN STANDARD ~PtE !£AN STANDARD ~PLE Me* STANDMD ~E MEAN STANDARD 
SIZE PERCENT LENrrH DEVIATJ~ SIZE PERCENT LEr«mt DEVIATI~ SiZE PERCENT !Bf~TH DEVIATION SIZE PERCENT lENGTH DEVIATION 

--------------------------------·------------------
lJ 5.06~ 610 75 29.3~ 609 2-9.7 11 18.9 o.m 

FBA.ES 24 9.38')1; 35.4 120 116. 88~ 582 27.0 12 4.6~ 587 30.1 0 o.oo• 

TOT II. 37 14.451. 583 38.5 195 76.17~ 592 31.0 23 8.96f. 610 35.4 o.m 
-- -------------------------------------------------------
a length lll!iliured 1ickye to fork-of-tail in •illilleters. Ages e~tpressed in European notation. 

w 
m 



Appendix Table 3. Fall chum salmon escapement survey counts in the Delta River, 1977. 

-------- ------~----------

TYPE EASTERN lliNE1.S a 11110 OR NAIN RIVER CHINIELS b WESTERN CHAtKlS [: TOTil. DELTA RIVER AREA 
--------- ---------- ---------

DATE SURVEY LIVE DEAD TOTAL LIVE DEAD TOTAL LIVE DEAD TOTAL LIVE DEAD TOT IV.. 
-------------------------------------------------------------------
OCT 0~ FOOT TURBID ~0 400 345 345 745 0 745 
OCT 10 FOOT TURBID 699 699 1,184 1,184 1,88J 0 1,883 
OCT 20 FOOT 4,968 4,968 3,420 3,420 m 793 9,181 0 9,181 
OCT 2~ FOOT 7,224 7,224 4,201 4,201 794 794 12,219 0 12,219 
OCT 28 FOOT 8,372 8,372 5,137 5,137 986 986 14,495 0 14,495 
NOV 01 FOOT ~,644 5,6'\4 4,894 4,894 870 870 11,408 0 11,~ 

NOV 07 FOOT 3,870 3,000 6,870 2,087 2,183 4,270 561t 564 1,128 6,~1 5,71t7 12,268 
NOV 17 FOOT 763 763 966 966 143 143 1,872 () 1,872 
NOV 25 FOOT 213 213 117 117 29 29 J59 0 J59 

OCT 21 AERIAL B, 750 0 8,750 7,755 495 8,250 875 so 925 17,360 ~ 17,925 
HOIJ()Ij ~RIAL 9,471 6,314 15,785 
-------------------------------
a Includes channel I. 
b Includes channels II and II 1/2. 
c Includes channl!l li I. 
DATA FROfol DII'fEFORD 1978~ TABLE 11, P 28 AND BARTON 1984, TDR 112:1. 



Appendix Table 4. Fan chum salmon escapement survey counts in the Delta River, 1976. 

---------- --------------------- --
TYPE EASTERN DAK:LS a MID OR ~IN RIVER CKlN£1..5 b 16TERN~c TOT &I. DELTA RI '-'ER AREA 

---------------------- ------------ ---:--------- ------
DATE SURVEY LIVE DEAD TOTAL LIVE DERD TOTIL LIYE DEJm TDT&L LJYE DaW lDTA.. 
-------------------------------------------------------------
OCT 07 FOOT 58 58 3 3 3 3 b4 0 64 
OCT 14 FOOT 599 599 667 &67 10 10 1,276 0 1,21;6 
OCT 21 FOOT 1,210 1,210 1,357 1,357 65 65 2.632 0 2,632 
OCT 27 FOOT 1,968 1,968 2,219 2,219 lt7 47 4,234 0 4,234 
NOVOZ FOOT 1,953 1,953 2,260 2,260 40 40 lt,253 0 4,253 
NOV 16 FOOT 611 611 1M 764 35 35 1,410 0 1,410 
NlV 2/t FOOT 243 243 284 284 2 2 529 0 529 
DEC 03 FOOT J 3 2 2 2 2 1 0 1 

OCT 19 HERIIl. 2,751 2,028 0 4,179 4,779 
DCT 28 AERI&L 2,%9 1,428 91 4,488 4,488 
NJVO-\ SERIIL 1, 748 1,895 69 3,712 3,712 

------------- -----
a Includes dlannel I. 
b Includes channels II and li 1/2. 
c Includes channel III. 
DATA FROM FRANCISCO AND DINNEFORD 1917, TABLE 2, P 1l f:Ml BART~ 19&4, TDR 1121, 

w co 



Appendix Table 5. Fall chum salmon escapement survey counts in' the Delta River, 1975. 

--------- --------------------------------
TYPE EASTERN ~I'£LS a MID OR MAIN RIVER CtfltfaS b ll:SlERN CHIHEl.S c 

----------------------------- ------------------------ - -------
MTE SURVEY LIVE DEAD TOT ~to LIVE DEAD TOT~ LIVE D£AD TOT&~. 

----------· -------------------------------------------------------------------------------------------
OCT OS FOOT 0 0 0 0 0 
OCT 09 FOOT 200 () 200 0 0 
OCT 15 FOOT 
OCT 22 FOOT 
OCT 29 FOOT 
tllV 12 FDDT 
NIIV 19 FOOT 
NOV 24 FOOT 

t«<V06 AERHl. 475 475 2,050 
---------------------------
a Includes channel I. 
b Includes channels II and II 112. 
c Includes dlarmel Ill. 

0 0 0 0 
0 0 0 0 

2,050 325 325 

DATA FO FRANCISCO 19761 P 32. FOOT C£lt.ITS ESTIMATED FROM Flli 7. ~RIAL CTS FO BART~ 1984, TDR 1121. 

TOTIL DELTA RIVER AREA 

LIVE DEAl) ror,..: 

0 0 0 
200 0 200 
328 328 

1,686 1,686 
lt089 3,089 
1,~9 1,949 

547 :S.7 
22 22 

2,850 2,850 





Appendix 'fable 7. Estimated number of fall chum salmon entering the Delta River by survey date in 1976.a 

-----
OCT 7 OCT 14 OCT 19 b OCT 21 OCT27 OCT 28 b tiliJ 2 lilY 4 b tllV 16 ltJY24 

INTER- l - - :----- I ------
_,.. ______ 

r---- - r---
DAY DATE VA.. : IEJID LIVE ' 1911 LIVE l DEAD LIVE DEAD LJVE DEAD liVE 11£110 LIVE DEAD UY£ DEAD LIVE DEAn LIVE I DEJID LJI,IE ' --------I I -

- ~ _ .. ____ ------ ----- --- ------- ------ :----
I IOr.i 

2 
J ton 64 c: 

7 2--------
10 10/14 li2 t,2H cr 

5 9 33 
15 10/19 b 53 1,181 

2 5 8 
17 10/21 48 1,173 1,411 c. 

6 26 2J9 42 
23 10/27 22 934 1,369 1,910 c. 

1 5 23 BO 21 
24 10/28 b 17 911 1,288 1,889 

" 9 331 380 65 
28 11/2 8 579 909 1,824 933 c. 

2 4 170 I 652 485 l2 
JO 11/4 b 4 409 251 1,339 I 901 

IJ 4 409 2S7 I 11 173 456 
43 11/16 0 0 0 166 I 445 m c. 

8 166 ~ 284 
51 11124 0 0 514 IS c 

g 133 
, __ 

60 12/J J81 14 -- -----
&4 1,214 0 1,411 1,'!110 0 933 0 418 

1 All observations buld upon foot Sll'I'VfYS unless othentiH notld. Live filih !hoMn bela. ra1 filii M~t ... ing tht lti"HHI .,. those! !Wiining •liw 01\ sllbHqlllftt surveys biiud 
upot~ streu resiR!n U• dah m. Tr~sky C19741 19761, IIHd fith !lhcMn belGif llllllf fish entering the stre~~ 11'1! r.tll!r of wl.an .tlich died in thlt intiii"V~I of U•. 

b Al!r' i•l surwy; tne. d1\l Mll'l! exc 1 uded. 
c Ia fish enterlnt the stre-. 

.,. 
}-..£ 



Appendix Table 8. Estimated number of fall chum salmon entering the Delta River by survey date in 1975.a 

------------~----------------- ----------------------------OCTB ocn OCT 15 OCT22 lilY 6 b IIJU 12 lilY 19 
Mt:R- : ----- I ------- ---------- : - I ------- : ------ ---- : ----

DAY DATE VII. I DEAD LIVE I DEll) UYE lEAD Ll YE l DEAD LIVE : DEIID Ll YE I llEAD LIIJE ll£IID L I UE I 11EJ1D LIVE 1 DEAD LI UE 
--------- ----- 1 -------- --------- : ------- 1 ------ l ----- ---... -- r -----

10/6 
2 

3 10/B 

" 10/9 200 ~. 
6 6 ---------- ' I 

6 10/15 
·~ 

1~ ~~ 

7 -'0 5 
13 10/22 154 129 1, o\03 ~~ 

7 116 29 4B 
20 10/29 &7 101 1,355 1,566 C:o 

7 55 65 303 53 
21 11/6 b 12 f 36 1,052 1,513 237 c:l 

6 12 27 579 309 7 
33 11/12 0 B lt13 1,204 230 34 c:: 

7 8 387 677 48 
-'0 11/19 0 II& 528 183 J2 12811ci 

5 80 326 69 5 
45 ll/2o\ 6 202 1IJ 28 

2 6 106 J.1 J 
47 11/26 0 96 80 25 

0 200 IJ4 1,403 157 I 0 0 

il All oblerviiUOM balld UfiD'I foot surveys unless othtnti!iill notld.. liv. filll ftJIIft bt1o. ""' fish lntring the streu ara those rll!lliiling aliw on subllqtllrllt surwys bHltcl 
11por1 ttrea residence ti• diita fra. TrHicy U9741 19161. Dead fish lihoNn bRio. re1 fish l!lltRring th& stru~~ are nudl!r of sal.an ll!ic:h diad in tlult interval of ti•, 

b Alrial llll"'tl!y. 
c Mal fish entering the drNL 

CJ27h: 
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Appendix Table 9. Fall chum salmon run timing based upon the 4-year average 
cumulative and daily percentages of new salmon entering 
the Delta River between subsequent surveys in 1975, 1976, 
1977, and 1985 • 

2S-tiJ 
ZHIII 

27-­._ 
2HIJ 
»-SSp 
01-.a:t 
(2-ti 

o.l-(kt 

~ 

llHift 
~ 

07-.Q:t 
OHi:t 
09-Cict 
I~ 

ll-iln 
I.Mct 
ll-G:t 
I~ 

IHri 
16-ti 
17-!k:t 
111-Ctt 
~~ 

~ 

!!~ 

~ 

23-!k:t 
~ 

~ 

i!HI:t 
27~ 

26-0ct 
29-ikt 
30-1kt 
3!-!k:t 
01-
~ 

~3-Ncrt 

~ 

~ ..... 
07-
Q&ti 

()0)-llcw 
IQ-IIov 

12-'laol 
\3~ 

!~­

!How 
lroilw 
17-b I._ ,,..., 
CHow 
l.l--
22-tlllo 
a... 
~ .,.._, 
i!6-ltl¥ 
27-'lrrf 
28-lbr 
Z'HIIv 
3Hio¥ 
01-llE 
oe-a.: 
OJ-1111: 
~ 

~ 

0.001 
o.m 
O.'l'!lll 
l.I.!J 
1.41!1 
1.m 
z.a. 
2.61J 
2.. 
l.XI 
3.7a 
•• lOll 
4, .. ... 
Ullll 
6.22!1 
6.D 
7.41J 
LIC• 
l.nll 
!I. Jill 

14 . .,. 
20.SII 
il&.l7J 
31.711 
J7,l!J 
'~.,... 

41.""' 

~-61.1211 
67.31J 
71.644 
7MOI 
86.16S 
£42!1 
93.~ 

~* 
'14.'l011 
'l5.1ll 
91i.SS 

"·m 
11..2!1 

'-'·IS 
"-'.Zlll 
'1!.37J 
·}9,2l! 
'1!.681 
'-'•1M 

100.0011 
100.0011 
!00,0011 
IOO.OOJ 
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100.001 
100.001 
100.0 
100.001 
100.0011 
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100.001 
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100.001 
100.0011 
100. cos 
IOO,OOS 
IOO.OOJ 
!OO.OOJ 
100.0111 
100.001 
100.0011 
100.0011 

211 
!1.1 
7.1~ 

Z9 

O.OGI 
o.• 
O.lil 
0.231 
O.lll 
O..J!I 
0.411 
O.s.J 
O.&a 
0.7'1111 
0.711 
o.m 
!.Od 
3.7¥ 

"'.,.. 
!LetS 

U.MJ 
14.i1i 
17,41J 
20.1 .. 
ZJ.JIJ 
&$ 
29.~ 

JZ.MI 
:5,(8 

Jt.i!CIIo 
42-llll. 
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67.~ 

72.47'11 
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7'9.121 
112.2711 
a...ns 
17.17'11 
am 
81.971 
19.17'11 
90.m 
91.6., 
'£.571 
tl-471 

"·m 915.27J 
"-11'11 
w.n71 

"· .. 91.1&1 ,,. 
'ft.1!1 ,., , .. ,. 
99.911 ,.,. 
91.971 

IOO.JIO' 
100.00!1 
IOO.OIIll 
100.0011 
100.001 
IOO.OOJ 
100.001 
!00.001 
IOO.OOJ 
IOO.OGIJ 
I CO. COil 

0.0111 
o..-
0.9\J 
1.3'11 
l.IB 
2..211 
2.7JJ 
J.i!l 
l. ... 
4.:DI 
5.7JJ 
6.8 
LIOJ 
i,.i!ll 

10. .. 
11.6¥ 
15.311 
20..­
a&.s 
JO.B 
:1*.9!11 
39.6&1 
44.J31l 
.,.0111 
SL61S 
S.lti 
U.l¥ 
&9.3M 
74.&11 
SO. JoY 
M.B 
&9.~ 

~­"'"" 91.71i 
91.76S 
1LI11 ... .,. .... . .,. 
99.0 
9!.~ 

9!.0911 
99.14 
9!.1!11 
99.a. 
99.21S 
?J.llS ,. 
9'UJJ 
ft.471 
IJ'J.525 
9!.!71 
9Ui!l ,,n 
99.7111 
99.111 
99.1111 
99.Mll .... 
'&'JI!I 

100. OOJ 
100.001 
100.0011 
100. cos 
IOO.OOS 
IOO.GOro 
100.001 
IOO.OOS 
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Appendix Table 10. Average percent of live fall chum 
salmon in the Delta River by date 
based upon observations made in 
1977, 1981, 1982, 1984, and 1985. 
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71 04-Uie !.D i!.!!iOJ 1.~1 1.371 1.3011 I. 7011 I l.JOS 2.501 0.00803 
72 05-o.: c.,)(); o.OOJ O.OOJI 0.001 0.001 O,OOJ O.QOll 0.001 0. 00000 
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Delta River Fall Chum 
Salmon Surveys 1986 · 

A total of one aerial and nine ground surveys was made of spawning fall 
chum salmon in the Delta River in 1986 (Table 1). Two methods were used 
to generate population estimates using the 1986 data as described in 
last year•s Delta River report (AYK Yukon Salmon Escapement Report No. 
29). The first method involved plotting counts of live salmon by survey 
date and estimating the area under the curve (i.e., number of salmon 
days). The result was 129,504 salmon days assuming the first fish 
entered subsequent to September 25 and that no fish remained alive 
subsequent to December 6. Division by residence time (18.2 days) 
yielded a population estimate of 7,116 fish. Only foot survey 
observations were included in this analysis since many carcass counts 
were included in the live salmon counts during the aerial survey. 

The second method employed to estimate total abundance was as follows. 
The number of live salmon observed on a specified day was the sum of the 
number of live fish remaining from the previous survey(s) and the number 
of new fish entering the stream subsequent to the previous survey. The 
number of fish which had spawned and died between surveys was estimated 
from average stream residence time. Total run size was approximated by 
summing the numbers of new .salmon estimated entering in each interval of 
time (Table 2). The population estimate was 6,290. 

Both of the above population estimates can be considered conservative 
due to difficulty in obtaining precise salmon counts early in the season 
from turbidity problems and late in the season from the presence of ice 
in portions of the sp_awning area. Nonetheless, the best estimate of 
total - fall chum salmon escapement in the Delta River in 1986 is 
considered the midpoint between the two estimates generated, or 6,703. 



Distribution -2- March 18, 1987 

The salmon count (live plus dead) on each survey was employed in the 
Delta River time-density model to estimate, at the time of the survey, 
the total spawning population in 1986. Resulting population estimates 
are shown in Table 3 along with 95% and 90% confidence intervals (see 
also Figure 1). 

Attachments 

Distribution: Andersen 
Arvey 
Bergstrom 
Brann ian 
Buklis 
Cannon 
Merritt 
Randall 
Whitmore 
Wilcock 



Table 1. Delta River fall chum salaon escapement surveys, 198b. 

TYPE EASTERN CHANNELS a MID OR MAIN RIVER CHANNELS b WESTERN CHANNELS c TOTAL DELTA RIVER RREA 
----- ---- ------------ -------------- -----

DATE SURVEY LIVE DBlD TOTAl LIVE DEAD TOTAL LIVE DEAD TOTAL LIVE DEAD TOTAL 
-------------------- ------------------ --------------

30-Sep FOOT d lURBID TURBID 271 30 301 271 30 301 poor 
Of, -{Jet FOOT d TURBID 147 0 147 5C7 66 593 674 66 740 poor 
14-()ct FODT d TURBID 21 4 25 399 62 461 420 66 486 very poor - high turbid Mater 
21-0ct FOOT TURBID 99 23 ~~ 1,332 323 1,655 1,431 346 1' 777 ch3 good 
28-Dct FOOT 215 7 2Z2 2,454 126 2,580 1,348 283 1,631 4,017 416 4,433 
04-Nov FOOT 392 6(1 ~ 2,635 364 2,999 1, 172 6Z7 1,799 4,199 1, 0'51 5,250 
12-Nov FOOT d 237 116 353 2,720 1,350 4,070 802 560 1,362 3, 759 2,026 5,785 
19-Nov FOOT d, e lOS 84 189 1,679 7'ST 2,436 284 226 510 2,()£)8 1,067 3, 135 ice and snow cover 
26-Nov FOOT f 32 32 740 740 100 100 872 

30--0ct AERHI.. 251 13 264 3,957 50 4,007 1,671 25 1,&% 5,879 88 S,%7 live ct includes SOE carcasses 

--------------------------- ---------------------------------------------------------------------------------------
a Includes channel I. 
b Includes channels II and II 1/2. 
c Includes channel III. 
d Poor survey 
e carcass count is very lm.. Live count fair to poor due to ice cover. 
f No carcass count was made. 
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Table 2. Delta Riv@r fall L'h1111 sal~~em popubtion estiute based upon tl\e &Mahon of 1'11!11 sal1cm entering the river during each interval of till!! betWI!I!T'I surveys, 
---------------------·---·------

SEPJO ' OCT & OCT 14 OCT 21 OCT 28 OCT JO d1 f NOV 4 NOV 12 
INTEl!- : --------- - :------ 1----- 1----- ------- : -------- ~ ----------- I ---------- l---· 

OOY IlliTE YIL DEAD LIVE DEAD LIVE : DEAD LIVE I D£AD LIVE i DEAD LIVE DEAD LIVE : DEAD LIVE : DEAD UIJE : DEM LIVE i DElli LIVE 
------ ~ ----- --------- : ------- ------- l ----- ------ : --- -- I ------------ : ----- - ----- 1-------

1 25-Sep 
s 

6 3Q-5ep (JOlb 271 ei 
£, 8-----

12 06-\ll:t 2£,3 (66) 411 cl 
a 60 19 -------

20 14-0c:t 203 393 (66) C108Jc,e 
7 131 104 

27 21-llct 72 288 
7 60 201 

~ 28-{)ct 11 87 
2 9 25 

3& 3(H)d d,e 2 62 
5 2 56 

41 Oo\-Nov 0 6 
a 6 

49 12-Nov 0 
7 

(346) 1, 071 c: 
36--------

1, 035 ( 416) 2, 984 c: 
20 32 -----------

1,014 2,852 CBaJ f 1,966c,f 

Population ~timate (i.e., swnmation 
on ne~~ fish entering streillll = ~290 

211 ----------~ 66 
IIOJ 2,786 (1 051! S04 ~ ; 

576 7&4 27 --~--------
2,022 ' 577 (2026) IJJ~ c : 

: 1,410 153 32 -------------------
56 19-Nov 16 611 423 '30C. (10£.7) 115 ci 

7 16 5&11 202 ~ ~-------~----

63 26-Nov 0 43 129 700 111 : m 
11 ~3 128 580 sr. 

7~ 07-Dec 0 0 120 
--------

271 0 1,071 2,884 604 782 

a IUl ob!il!rvations bam upon foot s~rvtyt unlns otherwise noted. Live fish !lh011n bl!lOII neM fish entering the strea~~ are those N!lli.ining alive on subsequent surveys ~ 
upon strea11 nsidllht'l! tiE data fr011 Trasky 119741 197£>), Dead fish shown belot1 1'II!N fish entl!ring tht! strfllt are m.t11ber of salrton Milich died in that interval of tie. 

b The nu•ber in parentheses is actual nllllltler of ~I'CiiMI!S observed. 
c NEw fish rntering the strei•. 
d Aerial surwy. 
e Survey results Mere not included in the aMlysis for this day. 
f Live counts ircliJde a lat"gl perct!l'ltage of carca1191!!1 thus survey rtsul ts M@l'l! not inclw!ld in analysis. 

(llllc,e 



Table 3. Population estiutes of fill t:hUII salmon es~:apements to the Delta River in 1986 based upon 
observations of live and dead sal.on by survey date and the Delta River till-density model. 

SURVEY SURVEY EXPANSJIJI SURVEY POPULATIO. 
DATE TYPE a FOCTOR b COONT ~ ESTIJIATE liME AT ~ mt='IDEN:E 1..00.. RAN6E AT ~ CM'IDEt«:E LEVEl 

30-Sep F 0.0145 301 p 20,696 
06-llct F O.M07 740 p 18,165 
tHict F 0.2061 4B6p 2,358 
21-0ct F 0.4726 t,m 3,760 2, 149-15, 044 lrelati ve error 300. 07~l 2, 419-8, 443 Ire I at i w IITOr 124. 53") 
28-oct F 0.8533 4,433 5,195 4,433--8,290 <relatiw error 59. 58)() It, lt33-1, 176 (relative error 38.14'll:l 
30--{Jct A o.m 5,967 6,611 51967-9,200 <relative error 39.16~1 5,967-81348 (relative error 26.291-l 
~-Nov F 0.9566 5,250 5,1t88 5,250-6,-461 !relative error 17. 73ltl 5,250-6,176 (relative error 12.5~1 
12-Nov F 0.9850 5,785 5,873 '51 785-6,210 Crelative rrror 5. nltl 51 785-f!, 118 !relative error 4.18ltl 
19-Nov F 0,9977 3,135 p 3,142 3,135-3,164 (relative error 0.69l) 31 135-3,158 (relative error 0.51jl 
Z6-Nov F 0.9993 872 p 

a Foot !Fl, Aerial IAJ. 
b Cumulative proportion of escapefll!nt esti~~ated on survey date fro~ •igratory time-density IIIOdel. 
t: Includes live and dead fish. 
p Poor survey conditions. 
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